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ABSTRACT j_ Survivin has been studied many times because of its overexpression in several types of cancer 
including lung, kidney, skin, endometrium, stomach, colon, breast, prostate, over, hematologic, head and neck 
cancers, histopathology features and polymorphisms in the promoter region which belongs to the inhibitor of 
apoptosis gene family by researchers. There is no study of survivin immunoreactivity in the gastric mucosa of the 
rats fed with carpet shell clam grown in the Dardanelles. In this study, it was aimed to investigate the effects of 
carpet shell clam fed rats on survivin production in the gastric mucosa. The carpet shell clam given as food to the 
rats were removed from the Dardanelles (fardak region. Four groups of rats are included in the study, group 1 
(n=6), control group fed with standard rat food, group 2 (n=6), 75% carpet shell clam and 25% standard rat 
food daily, group 3 (n=6), 75% carpet shell clam and 25% standard rat food every two days, group 4 (n=6), 75% 
carpet shell clam and 25% standard rat food every three days. To detect survivin localization in the tissues, the 
LAB-SA Detection System was used. Survivin immunoreactivity was detected of epithelial cells in the gastric 
mucosa of rats fed with carpet shell clam. After the immunohistochemical staining processing all gastric tissue 
samples are evaluated in terms of survivin immunoreactivity with light microscopy and image analysis software. 
Survivin immunoreactivity was detected 0% in the first group, 83.33% in the second group, 61.83% in the third 
group and 32.67% in the fourth group. There was statistically significant difference between the survivin 
immunoreactivity in the gastric gland cells of the rats in the experimental and control groups (p> 0.05). Survivin 
production in the gastric mucosa of rats suggests that consumption of carpet shell clam may cause tissue damage. 
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I. INTRODUCTION 

The association between exposure to heavy metals, either occupational or environmental, and cancer has been 
extensively studied [1,2] . The mechanisms involved in heavy metal induced carcinogenicity seem to be diverse and 
are far from being completely understood [3] . Heavy metals are natural elements of the earth's crust. Although not 
metabolized, some heavy metals participate in some essential metabolic activities: for example, copper (Cu) is 
essential for the synthesis of hemoglobin and cobalt (Co) is involved in erythropoiesis. However, if the amount 
of these essential elements exceeds normal levels, they can become toxic and cause serious health risks [4] . 
Prolonged exposure to mercury (Hg), lead (Pb), chromium (Cr), cadmium (Cd), arsenic (As), copper (Cu), 
vanadium (V), nickel (Ni) and zinc (Zn) can cause deleterious health effects in humans, namely, chronic 
inflammatory conditions and a higher risk for several cancers, cardiac, pulmonary and neurological diseases [5 " 7] . 
This scenario has been aggravated by erroneous human intervention that has significantly changed their natural 
cycle and balance, causing abnormal accumulation and environmental pollution. [5 " 7] . Concerning renal cell 
carcinoma, several heavy metals have been implicated as risk factors, namely Cd [8] and Pb [9] . Nevertheless, this 
causal association has not been definitively established yet [10] . 

In our previous research have investigated the accumulation of heavy metals in the carpet shell clam, sea snails 
and oysters from the Dardanelles Umurbey region. In this research, Zn in carpet shell clams, Zn and Mn in clams, 
Zn in oysters, Al, Zn, Fe, Cu and Mn in sea snails found the metals as high. If the same zone is in seawater, the 
Zn level is high [11] . In sea chestnuts growing in Dardanells, the values of Al, Zn, and Fe in samples taken from 
Gelibolu Hamzakoy station are high. Al and Fe values were higher in samples taken from £ardak region. Al, Fe 
and Zn values were higher in samples taken from Umurbey region. Al, Fe and Zn values were higher in samples 
taken from £amburnu region [12] . In our previous research have investigated the accumulation of heavy metals in 
the carpet shell clam, clam, sea snails and oysters from the Dardanelles Karacaoren region. In this research, Al, 
Zn and Fe in carpet shell clams, Zn and Mn in clams, Zn in oysters, Al, Zn, Fe, Cu and Mn in sea snails found the 
metals as high [13] . Survivin is a member of the inhibitor of apoptosis protein family, and is thought to inhibit 
apoptosis and regulate mitosis. It has unique roperties, with bifunctional roles as a cell-cycle regulator and an 
apoptosis inhibitor [14] . 
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Although survivin is strongly expressed in embryonic and fetal organs, it is undetectable in most terminally 
differentiated normal adult tissues [15] . However, survivin is overexpressed in various cancers, including lung, 
breast, colon, stomach, esophageal, pancreatic, bladder, uterine, and ovarian cancers; large-cell non-Hodgkin’s 
lymphoma; leukemia; neuroblastoma; melanoma; and nonmelanoma skin cancer, compared with its expression in 
normal tissues [16] . The lumen-facing surface of the stomach is covered with a single-layered prismatic epithelium, 
and surface epithelial cells produce mucus. The lamina propria is also branched in the mucosa, with tubular gastric 
glands. Gastric glands consist of three parts: isthmus, neck and base. There are parietal cells and stem cells in the 
istmus region. There are parietal cells, stem cells and mucous neck cells in the neck. In the basale region, there 
are parietal, basal and enteroendocrine cells. Mucous neck cells secrete mucus. Parietal cells secrete hydrochloric 
acid. Chief (zymogen) cells secrete pepsinogen and lipase enzyme. Enteroendocrine cells produce serotonin, 
glucagon, vasoactive intestinal polypeptide and somatostatin [17] Because of the critical role of survivin in 
carcinogenesis [15] , we evaluated the correlation between carpet shell clam-fed rats and survivin release. 

II. MATERIAL AND METHOD 

Animal Model: The rats were kept for 30 days under appropriate conditions of temperature/humidity and a 12- 
h light cycle while being provided sufficient water and feed. The rats were randomly selected and divided into 4 
groups. For the first study group (n: 6), was the control group; standard rat diet was given every days. For the 
second study group (n: 6), 75% carpet shell clam + 25% standard rat diet standard rat feeds were given daily. For 
the third study group (n: 6), 75% carpet shell clam + 25% standard rat diet was given every two days. Standard 
rat diet was given the other day. For the fourth group (n: 6), 75% carpet shell clam + 25% standard rat diet was 
given every three days. Standard rat diet was given the other two day. Rats were fed twice daily for 30 days at 
15% of their weight every morning and evening at the same time. The carpet shell clam given as food to the rats 
were removed from the Dardanelles £ardak region (Fig. 1). 



Figure 1. The area where the carpet shell clam are collected. Arrow: (fardak Lagoon ((fanakkale, Turkey), 

Star: Dardanelles 

Average 40-60 g weight were selected. After the beaks were overcooked, the meat broke off and the meat at 100 
degrees was dried. It was weighed into each rat's weight and 10 mg/kg intraperitoenal ketamine hydrochloride 
(Ketalar, Eczacibasi, Istanbul, Turkey), and 20 mg/kg of xylazine 2% (Rompun, Bayer Turkey Pharmaceutical 
Ftd., Istanbul, Turkey) were anesthetized. The rats were anesthetized and then sacrificed. 

Histological evaluation : The stomach tissues were maintained in immunofix (Feica) for 24 hours for 
histopathological examination. The tissue was routinely subjected to histopathological procedures and blocked. 
Immunohistochemical staining method was applied by cutting the paraffin embedded stomach tissues 3 microns 
in thickness. The FAB-SA Detection System, (Histostain-Plus Bulk Kit, Invitrogen) was applied to determine 
immunohistochemical localization of survivin in tissues. Slides were incubated with polyclonal rabbit anti- 
survivin (Diagnostic BioSystems) antibody, which was diluted 1: 500 for the stomach tissue, for an hour at room 
temperature, in the humidity chamber. Diaminobenzidine-tetra hydrochloride (DAB, Invitrogen Corporation) was 
used as the colorant. Also hematoxylin stain was used as a nuclear counterstain. Dye samples were evaluated on 
the Zeiss AXIO Scope 1 brand research microscope. Analysis of survivin immunoreactive cells in the stomach 
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tissue was performed using the Leica LAS V3.8 image analysis system. Five of the sections from the blocks 
containing the stomach tissues of all the rats in all groups were stained. From the stained sections, 1000 cells were 
counted and immunoreactive cells were identified among these cells. For this purpose; 

Immunopositive cells / Total cell count (1000)-X 100 % =-% formula were used [18_19] . 

Statistical analysis : Data was analyzed using SPSS program, version 19.0 One-way analysis of variance 
(ANOVA), Tukey’s test was used to analyze the data. The difference between the groups was considered 
significant in the results of p <0.05. 


III. RESULTS 

In immunohistochemical staining with survivin, a significant difference was observed in the gastric gland cells of 
the rats given carpet shell clam per day, every other day and every three days compared to rats fed with normal 
feed (p<0.05). Dark brown staining in the cytoplasm of the cells was considered positive. Survivin 
immunoreactivity could not be detected in gastric mucosa cells of rats fed standard rat diet (Fig. 2). 



Figure 2. For the first study group was the control group; Rat stomach mucosa, (Survivin, Bar=20 pm). Star: 
Surface epithelial region, Arrow head: Neck region, Crossed: Basale region, Pointed arrow: Muscle mucosa 
In immunohistochemical staining of gastric mucosa, basal, neck and surface epithelial cell cytoplasms were 
positively stained with survivin. There was no significant difference in survivin staining intensity between cells. 
84.33% of superficial epithelial cells, 82.5% of neck cells and 83.83% of basal cells were positive for survivin 
(Fig. 3). 



Figure 3. For the second study group; Rat stomach mucosa, (Survivin, Bar=20 pm ). Hexagon: Gastric lumen; 
Star: Surface epithelium cells; Arrow head: Neck region; Crossed: Basale region; Pointed arrow: Muscle 
mucosa, Arrows: Survivin enzyme positive cells 
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In immunohistochemical staining of gastric mucosa, basal, neck and surface epithelial cell cytoplasms were 
positively stained with survivin. There was no significant difference in survivin staining intensity between cells. 
63.67% of superficial epithelial cells, 58.17% of neck cells and 62,17% of basal cells were positive for survivin 
(Fig. 4). 


Figure 4. For the third study group; Rat stomach mucosa, (Survivin, Bar=20 pm). Hexagon: Gastric lumen; Star: 
Surface epithelium cells; Arrow head: Neck region; Crossed: Basale region; Pointed arrow: Muscle mucosa, 
Arrows: Survivin enzyme positive cells In immunohistochemical staining of gastric mucosa, basal, neck and 
surface epithelial cell cytoplasms were positively stained with survivin. The cytoplasm of basal cells was more 
intensely stained than surface epithelial cells and neck cells. 20.83% of superficial epithelial cells, 25% of neck 
cells and 35.83% of basal cells were positive for survivin (Fig. 5). 



Figure 5. For the fourth group; Rat stomach mucosa, (Survivin, Bar=20 pm). Hexagon: Gastric lumen; Star: 
Surface epithelium cells; Arrow head: Neck region; Crossed: Basale region; Pointed arrow: Muscle mucosa, 

Arrows: Survivin enzyme positive cells 

In the epithelial cells of the gastric mucosa in the all group, survivin immunopositive cells could not be detected 
by negative staining (Fig. 6). 
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Figure 6. For the second study group; Rat stomach mucosa, negative control, (Survivin, Bar=20 pm). Star: 
Surface epithelium cells; Arrow head: Neck region; Crossed: Basale region; Pointed arrow: Muscle mucosa, 
The increase of survivin immunoreactivity in the gastric mucosa cells between the control group and the other 
groups was statistically significant. A statistically significant difference was also found among the groups in the 
gastric mucosa cells of the rats fed carpet shell clam. 83.33% of the second group, 61.83% of the third group and 
32.67% of the fourth group were positive for survivin (Fig. 7). 



i Gastric mucosa ■ 


Figure 7. Distribution of survivin immunoreactivity total in gastric mucosa cells between groups 
The increase of survivin immunoreactivity in the superficial epithelium cells between the control group and the 
other groups was statistically significant. A statistically significant difference was also found among the groups 
in the superficial epithelium cells of the rats fed carpet shell clam. 84.33% of the second group, 63.67% of the 
third group and 20.83% of the fourth group were positive for survivin (Fig. 8). 
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Figure 8. Distribution of survivin immunoreactivity in surface epithelium cells between groups 
The increase of survivin immunoreactivity in the neck cells between the control group and the other groups was 
statistically significant. A statistically significant difference was also found among the groups in the neck cells of 
the rats fed carpet shell clam. 82.5% of the second group, 58.17% of the third group and 25% of the fourth group 
were positive for survivin (Fig. 9). 



Figure 9. Distribution of survivin immunoreactivity in isthmus and neck regio cells between groups 
The increase of survivin immunoreactivity in the basale cells between the control group and the other groups was 
statistically significant. A statistically significant difference was also found among the groups in the basale cells 
of the rats fed carpet shell clam. 83.83% of the second group, 62.17% of the third group and 35.83% of the fourth 
group were positive for survivin (Fig. 10). 
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Figure 10. Distribution of survivin immunoreactivity in basale regio cells between groups 

IV. DISCUSSION 

The aim of this study was to determine survivin release in the gastric mucosa of rats fed with carpet shell clam, 
using immunohistochemical technique. We found survivin release in gastric mucosa samples, but not in the 
adjacent normal gastric mucosa epithelium cells. Survivin immunoreactive cells were found in 83.83% of the 
gastric mucosa cells of rats fed with carpet shell clam every day. Survivin immunoreactive cells were found in 
61.83% of the gastric epithelial cells of rats fed with carpet shell clam every other day. Survivin immunoreactive 
cells were found in 32.67% of the gastric epithelial cells of rats fed with carpet shell clam every three days There 
is a lot of research on survivin production, but there is no research on survivin release in stomach tissues of carpet 
shell clam fed rats. In our study, we found an increase in survival in the stomach, but we could not find any cancer 
in the stomach. We had chronic inflammation in the preliminary study of this study. Our findings regarding 
survivin release as causing chronic inflammation are similar to other investigators. 

Environmental factors have been considered responsible for at least 80% of the incidence of neoplastic diseases 
[20] . It is well known that heavy metals, in particular Cd, have an oncogenic role in tumourigenesis [21] . Cd was 
identified as a human carcinogen, being associated with lung cancer after occupational exposure. In addition, it 
has been implicated in kidney, breast and prostate cancers [22] . In fact, there is strong evidence of chronic 
inflammation induced by heavy metals as one of the main underlying mechanisms [21] . Survivin is an antiapoptotic 
protein belonging to the inhibitor of apoptosis protein family. It is a bifunctional protein that regulates cell division 
and suppresses apoptosis. Survivin is highly expressed in various human malignancies, but its expression is very 
low or below the level of detection in normal adult tissues [23,24] . Survivin is usually expressed in the G2 /M phase 
of the cell cycle, when it is thought to disrupt the apoptosis signaling pathways and to promote the survival of 
abnormal cells, offering a significant advantage to tumor cells overexpressing survivin [25] . The elevated 
expression of survivin is thought to be a negative prognostic factor for tumors and its overexpression is reported 
to be associated with shortened survival [14] . Many studies have also shown that tumors expressing survivin are 
resistant to the apoptosis that is induced by anticancer drugs [26,27] . Targeting of survivin using adenoviral antisense 
vectors was reported to enhance the sensitivity of tumor cells to chemotherapy and radiotherapy [28] . Clarification 
of the survivin signaling pathway will provide new predictive and prognostic information for cancer diagnosis 
and could lead to the development of new therapeutic alternatives for a variety of cancers [29,30] .High survivin 
expression has been detected in several cancer types in humans, including colorectal cancer, hepatocellular cancer, 
lung cancer, pancreatic cancer, and osteosarcoma [31 " 36] . Survivin is also expressed in breast cancer [37] . The 
presence of survivin release in the stomach gland in this study suggests that heavy metals are caused by the 
influence of stomach gland cells. 


V. CONCLUSION 

According to our study, consumption of carpet shell clam contaminated with heavy metal causes the production 
of survivin in cells. One of the causes of chronic inflammation of the stomach was found to be survivin production. 
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We think that consuming carpet shell clam that have been contaminated with heavy metal for a long period of 

time can cause more damage to the stomach. 
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